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(54) System for determining pneumatic tire pressure. 

(57) A vehicle system for detecting a reduction in 
tire pressure senses wheel speeds (at 16FC- 
16RR), detects the difference between the front 
wheel speeds and a difference between the rear 
wheel speeds (at 24,29 ; 25,30) and converts 
them to corresponding steering angles at 
(31,32). The averages of these angles (from 
33,34) are compared (at 35,36) with the average 
(from 39) of a reference steering angle calcu- 
lated at (42) from vehicle speed (V) and lateral 
acceleration of the vehicle (from 19), and corre- 
sponding to the steering angle expected at 
normal tire pressure. If the difference between 
the compared steering angles falls outside a 
predetermined range set at (43,44), comparator 
40 issues a tire pressure reduction signal to 
alarm 23. The difference (slip) between the 
average first and rear wheel speeds is also 
calculated (at 27,28,45), and compared (at 46) 
with a reference slip value calculated at (47) 
from vehicle speed V and engine torque deter- 
mined (at 32) from accelerator pedal position 
(from 22) and transmission setting (from 26). If 
the difference between the compared slip 
values is greater than a predetermined amount 
(from 49), comparator 48 issues a tire pressure 
reduction signal to alarm 23. 
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The present invention reiates to a system for de- 
termining the pressure of a pneumatic tire for use on 
a motor vehicle such as an automobile. 

Known pneumatic tire pressure determining sys- 
tems are disclosed in Japanese patent publication 
No. 56-10202 and Japanese laid-open patent public- 
ation No. 63-305011, for example. 

The pneumatic tire pressure determining system 
disclosed in Japanese laid-open patent publication 
No. 63-305011 detects the angular velocities of four 
road wheels, i.e. front left, front right, rear left, and 
rear right road wheels, of a motor vehicle, calculates 
the sums of the angular velocities of diagonal pairs of 
road wheels, and compares the angular velocity of 
each of the road wheels with the average value of the 
angular velocities of the four road wheels If the differ- 
ence between the calculated sums falls within a pre- 
determined range, thereby determining a reduction in 
the pneumatic pressure in any of the tires of the road 
wheels. 

The disclosed pneumatic tire pressure determin- 
ing system cannot determine the pneumatic tire pres- 
sures highly accurately and hence is not highly reli- 
able because only the angular velocities of the road 
wheels are used as a reference value. More specifi- 
cally, the pneumatic tire pressure determining system 
can determine a reduction in the pneumatic tire pres- 
sure of one road wheel, but fails to detect which one 
of the tires of the road wheels has suffered such a 
pneumatic tire pressure drop. 

Furthermore, in the event that the pneumatic tire 
pressures of two or three road wheels have dropped 
with a resultant reduction in the average angular ve- 
locity, the system cannot determine whether the 
pneumatic tire pressures have decreased or not. 

It is therefore an object of the present invention 
to provide a pneumatic tire pressure determining sys- 
tem which is capable of determining a reduction in the 
pneumatic tire pressures of a plurality of road wheels 
and also determining which road wheel has been sub- 
jected to a pneumatic tire pressure drop. 

According to the present invention, there is pro- 
vided a system for determining a reduction in the 
pneumatic tire pressure of road wheels on a motor ve- 
hicle, comprising first means for detecting an actual 
rotational speed difference between rotational 
speeds of front left and right road wheels of the motor 
vehicle, second means for detecting an operating 
condition of the motor vehicle, third means for calcu- 
lating an adequate rotational speed difference be- 
tween rotational speeds of the front left and right road 
wheels based on an output signal from the second 
means, and fourth means for comparing the ade- 
quate rotational speed difference calculated by the 
third means and the actual rotational speed differ- 
ence detected by the first means, and determining a 
pneumatic tire pressure reduction when the differ- 
ence between the compared actual and adequate ro- 



tational speed differences exceeds a predetermined 
value. The system determines an adequate rotational 
speed difference that is estimated from the operating 
condition of the motor vehicle if the pneumatic tire 

5 pressure is normal, compares the adequate rotational 
speed difference with the actual rotational speed dif- 
ference between the front road wheels, and determi- 
nes a pneumatic tire pressure reduction when the dif- 
ference between the compared actual and adequate 

10 rotational speed differences exceeds the predeter- 
mined value. 

According to the present invention, there is also 
provided a system for determining a reduction in the 
pneumatic tire pressure of road wheels on a motor ve- 
ts hide, comprising first means for detecting an actual 
rotational speed difference between rotational 
speeds of rear left and right road wheels of the motor 
vehicle, second means for detecting an operating 
condition of the motor vehicle, third means for calcu- 

20 lating an adequate rotational speed difference be- 
tween rotational speeds of the front left and right road 
wheels based on an output signal from the second 
means, and comparing means for comparing the ade- 
quate rotational speed difference calculated by the 

25 third means and the actual rotational speed differ- 
ence detected by the first means, and determining a 
pneumatic tire pressure reduction when the differ- 
ence between the compared actual and adequate ro- 
tational speed differences exceeds a predetermined 

30 value. The system determines an adequate rotational 
speed difference that is estimated from the operating 
condition of the motor vehicle if the pneumatic tire 
pressure is normal, compares the adequate rotational 
speed difference with the actual rotational speed dif- 

35 fere nee between the rear road wheels, and determi- 
nes a pneumatic tire pressure reduction when the dif- 
ference between the compared actual and adequate 
rotational speed differences exceeds the predeter- 
mined value. 

40 The second means may comprise means for de- 

tecting a lateral acceleration of the motor vehicle and 
means for detecting a speed of the motor vehicle. The 
second means may determine an operating condition 
of the motor vehicle based on a steering angle, a lat- 

45 eral acceleration, and a speed of the motor vehicle. If 
the steering angle is not zero and a lateral accelera- 
tion occurs, then the system can calculate a radius of 
curvature of an arc along which the motor vehicle 
runs, i.e. the adequate rotational speed difference, 

so depending on the speed of the motor vehicle. If the 
steering angle is zero and a lateral acceleration oc- 
curs, then the system determines a pneumatic tire 
pressure reduction of any of the road wheels. 

According to the present invention, there is fur- 

55 ther provided a system for determining a reduction in 
the pneumatic tire pressure of road wheels on a motor 
vehicle, comprising first means for detecting rotation- 
al speeds of drive and driven road wheels of the motor 
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vehicle and calculating an actual ratio of slippage be- 
tween the drive and driven road wheels based on the 
detected rotational speeds, second means for calcu- 
lating an adequate ratio of slippage of the drive road 
wheels if the pneumatic tire pressure of the drive and 5 
driven road wheels is determined as normal from an 
operating condition of an engine of the motor vehicle, 
and comparing means for comparing the actual ratio 
of slippage calculated by the first means and the ade- 
quate ratio of slippage calculated by the second 10 
means, and determining a pneumatic tire pressure re- 
duction when the difference between the compared 
actual and adequate ratios of slippage exceeds a pre- 
determined value. The system determines an ade- 
quate ratio of slippage that is estimated if the pneu- is 
matic tire pressure is determined as normal from the 
operating condition of the engine, and determines a 
pneumatic tire pressure reduction when the differ- 
ence between the compared actual and adequate ra- 
tios of slippage exceeds a predetermined value. 20 

The system may further comprises means for dis- 
abling the comparing means if at least one of the fol- 
lowing conditions a, b, c, d, e, f, g is satisfied: 
a: the motor vehicle is not running; 
b: the motor vehicle is braked; 25 
c: the motor vehicle is running on rough terrain; 
d. a lateral acceleration of the motor vehicle is not 
within a predetermined range; 
e: a steering angle of the motor vehicle is not in 
a predetermined range; 30 
f: a longitudinal acceleration of the motor vehicle 
is not within a predetermined range; and 
g: an engine output torque of the motor vehicle is 
not within a predetermined range. If at least one 
of the above conditions is satisfied, i.e. if the op- 35 
erating condition of the motor vehicle or the en- 
gine cannot accurately be detected, then the sys- 
tem does not carry out a process of determining 
a pneumatic tire pressure. Accordingly, the sys- 
tem can accurately determine a pneumatic tire 40 
pressure with high reliability. 
The system may further comprise means for ena- 
bling the comparing means if a lateral acceleration of 
the motor vehicle falls within a predetermined range, 
a longitudinal acceleration of the motor vehicle falls 45 
within a predetermined range, a steering angle of the 
motor vehicle falls within a predetermined range, and 
an engine output torque of the motor vehicle falls 
within a predetermined range. If the lateral accelera- 
tion of the motor vehicle falls within the predeter- so 
mined range, the longitudinal acceleration of the mo- 
tor vehicle falls within the predetermined range, the 
steering angle of the motor vehicle falls within the 
predetermined range, and the engine output torque of 
the motor vehicle falls within the predetermined 55 
range, i.e. if the operating condition of the motor ve- 
hicle or the engine can accurately be detected, then 
the system carries out a process of determining a 



pneumatic tire pressure. Accordingly, the system can 
accurately determine a pneumatic tire pressure with 
high reliability. 

The above and further objects, details and ad- 
vantages of the present invention will become appa- 
rent from the following detailed description of a pre- 
ferred embodiment thereof, given by way of example 
only, when read in conjunction with the accompany- 
ing drawings, in which: 

FIG. 1 is a block diagram of a system for deter- 
mining a pneumatic tire pressure according to the 
present invention; and 

FIG. 2 is a detailed block diagram of a controller 

of the system shown in FIG. 1 . 

As shown in FIG. 1, a rear-wheel-drive motor ve- 
hicle such as an automobile has a front left road wheel 
11FL, a front right road wheel 11FR, a rear left road 
wheel 11 RL, and a rear right road wheel 11RR. the 
motor vehicle has a steering wheel 13 which is oper- 
ative^ coupled to the front left and right road wheels 
11FL, 11 FR through a known steering mechanism 12 
for turning the front left and right road wheels 11 FL, 
11FR to steer the motor vehicle. The motor vehicle 
also has a power unit or engine 1 5 that is operatively 
connected to the rear left and right road wheels 1 1 RL, 
11RR through a final speed reducer mechanism or 
differential 14 for driving the rear left and right road 
wheels 11RL, 11RR. 

A pneumatic tire pressure determining system 
according to the present invention is incorporated in 
the motor vehicle shown in FIG. 1 , and includes wheel 
sensors 16FL, 16FR, 16RL, 16RR associated respec- 
tively with the front left road wheel 11 FL, the front 
right road wheel 11 FR, the rear left road wheel 11 RL, 
and the rear right road wheel 1 1 RR for individually de- 
tecting respective rotational speeds thereof, and a 
steering sensor 17 associated with the steering 
mechanism 12 for detecting a steering angle, i.e. an 
angle through which the steering wheel 13 has been 
turned. The wheel sensors 16FL, 16FR, 16RL, 16RR 
and the steering sensor 17 are electrically connected 
to a controller 18 of the pneumatic tire pressure de- 
termining system. To the controller 18, there are also 
electrically connected a lateral acceleration sensor 19 
for detecting a lateral acceleration of the motor vehi- 
cle, i.e. an acceleration of the motor vehicle in the 
transverse direction thereof, a longitudinal accelera- 
tion sensor 20 for detecting a longitudinal acceleration 
of the motorvehicle, i.e., an acceleration of the motor 
vehicle in the longitudinal direction thereof, a brake 
sensor 21 for detecting a depressed stroke of the 
brake pedal of the motor vehicle, an accelerator sen- 
sor 22 for detecting a depressed stroke of the accel- 
erator pedal of the motorvehicle, a transmission sen- 
sor 26 for detecting a gear position of the transmis- 
sion of the motor vehicle, and an alarm unit 23 such 
as warning lamps, speakers, buzzers or the like. The 
longitudinal acceleration sensor 20 may comprise a 
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differentiating circuit for calculating the derivatives of 
the rotational speeds of the road wheels, i.e. the ac- 
celerations of the road wheels, or a circuit for calcu- 
lating a longitudinal acceleration from the difference 
between the rotational speeds of the front and rear 
road wheels. 

As shown in FIG. 2, the controller 18 has a first 
subtracter 24 and a first adder 27 which are connect- 
ed to the wheel sensors 16FL, 16FR associated with 
the respective front left and right road wheels 11 FL, 
1 1 FR, and a second subtracter 25 and a second adder 
28 which are connected to the wheel sensors 16RL, 
16RR associated with the respective rear left and 
right road wheels 1 1 RL, 1 1 RR. The first subtracter 24 
is connected through a low-pass filter 29 to a first 
steering angle converter 31. The first subtracter 24 
deducts an output signal of the wheel sensor 16FR 
from an output signal of the wheel sensor 16FL, and 
outputs a differential signal representative of the dif- 
ference between the rotational speeds of the front left 
and right road wheels 11 FL, 11 FR. The second sub- 
tractor 25 is connected through a low-pass filter 30 to 
a second steering angle converter 32. The second 
subtracter 25 deducts an output signal of the wheel 
sensor 16RR from an output signal of the wheel sen- 
sor 16RL, and outputs a differential signal represen- 
tative of the difference between the rotational speeds 
of the rear left and right road wheels 11 RL, 11 RR. 

The first steering angle converter 31 is supplied 
with a vehicle speed signal V from a vehicle speed 
sensor 50 (see FIG. 1), and has an output terminal 
connected to a first averaging circuit 33. The first 
steering angle converter 31 calculates a steering an- 
gle from the differential signal from the first subtracter 
24 and the vehicle speed signal V, and applies a sig- 
nal indicative of the calculated steering angle to the 
first averaging circuit 33. The second steering angle 
converter 32 is also supplied with the vehicle speed 
signal V, and has an output terminal connected to a 
second averaging circuit 34. The second steering an- 
gle converter 32 calculates a steering angle from the 
differential signal from the second subtracter 25 and 
the vehicle speed signal V, and applies a signal indi- 
cative of the calculated steering angle to the second 
averaging circuit 34. 

The vehicle speed sensor 50 may comprise a cir- 
cuit for calculating an average value of the output sig- 
nals from the wheel sensors 16FL, 16FR, so that the 
vehicle speed is represented by the average value of 
the rotational speeds of the front road wheels 11 FL, 
1 1 FR that are driven road wheels. 

The first and second averaging circuits 33, 34, to 
which an inhibit condition setting circuit 37 is connect- 
ed, has output terminals connected to respective third 
and fourth subtracters 35, 36. The first averaging cir- 
cuit 33 stores output signals from the first steering an- 
gle converter 31 during a predetermined period of 
time, updates the oldest stored data each time an out- 



put signal is supplied from the first steering angle con- 
verter 31, and calculates the average value of the 
output signals from the first steering angle converter 
31 during the predetermined period of time. When a 

5 determination permission signal is supplied from the 
inhibit condition setting circuit 37, the first averaging 
circuit 33 applies a signal that represents the average 
value (estimated steering angle) of the calculated 
steering angles during the predetermined period of 

10 time, to the third subtracter 35. Similarly, the second 
averaging circuit 34 stores output signals from the 
second steering angle converter 32 during a prede- 
termined period of time, updates the oldest stored 
data each time an output signal is supplied from the 

15 second steering angle converter 32, calculates the 
average value of the output signals from the second 
steering angle converter 32 during the predetermined 
period of time, and applies a signal that represents 
the average value (estimated steering angle) of the 

20 calculated steering angles during the predetermined 
period of time, to the fourth subtracter 36 when a de- 
termination permission signal is supplied from the in- 
hibit condition setting circuit 37. 

The inhibit condition setting circuit 37 has output 

25 terminals connected to the first and second averag- 
ing circuits 33, 34, as described above, and also to a 
third averaging circuit 39. The inhibit condition setting 
circuit 37 has input terminals connected to the vehicle 
speed sensor 50, the wheel sensors 16FL, 16FR, 

30 16RL, 1 6RR, the steering sensor 17, the lateral accel- 
eration sensor 19, the longitudinal acceleration sen- 
sor 20, the brake sensor 21, and a torque estimating 
circuit 38. The inhibit condition setting circuit 37 proc- 
esses detected signals from these sensors and cir- 

35 cuit, and outputs a determination inhibit signal when 
the vehicle speed is zero or in a low-speed range low- 
er than a predetermined vehicle speed, or when the 
brake pedal is depressed to brake the motor vehicle, 
or when the road wheels suffer rotational vibrations 

40 as upon traveling on rough terrain, or when the lateral 
acceleration is not in a predetermined range, or when 
the steering angle is not in a predetermined range, or 
when the longitudinal acceleration is not in a prede- 
termined range, or when the output torque of the en- 

45 gine is not in a predetermined range, and outputs a 
determination permission signal otherwise. The tor- 
que estimating circuit 38 estimates the output torque 
of the engine based on the output signal from the ac- 
celerator sensor 22. 

50 The third subtracter 35 has one input terminal 

connected to the output terminal of the first averaging 
circuit 33 and the other input terminal to the output 
terminal of the third averaging circuit 39. The third 
subtracter 35 has its output terminal connected to a 

55 first comparator 40. The third subtracter 35 is sup- 
plied with a signal which represents the estimated 
steering angle calculated based on the difference be- 
tween the rotational speeds of the front left and right 
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road wheels 11FL, 11FR, from the first averaging cir- 
cuit 33, and a signal, which represents an adequate 
steering angle (described later on), from the third 
averaging circuit 39, and subtracts one of the sup- 
plied signals from the other to output a signal indica- 5 
tive of the angular difference between the estimated 
steering angle and the adequate steering angle. Like- 
wise, the fourth subtracter 36 has one input terminal 
connected to the output terminal of the second aver- 
aging circuit 34 and the other input terminal to the 10 
output terminal of the third averaging circuit 39. The 
fourth subtracter 36 has its output terminal connected 
to a second comparator 41. The fourth subtracter 36 
is supplied with a signal which represents the estimat- 
ed steering angle calculated based on the difference 15 
between the rotational speeds of the rear left and 
right road wheels 11RL, 11RR, from the second aver- 
aging circuit 34, and a signal, which represents the 
adequate steering angle from the third averaging cir- 
cuit 39, and subtracts one of the supplied signals from 20 
the other to output a signal indicative of the angular 
difference between the estimated steering angle and 
the adequate steering angle. Each of the angular dif- 
ferences calculated by the subtracters 35, 36 is based 
on one, used as a reference, of the rotational speeds 25 
of the left and right road wheels, and is positive when 
one is greater than the other and negative when one 
is smaller than the other. 

The third averaging circuit 39 has an input termi- 
nal connected to the inhibit condition setting circuit 37 30 
and another input terminal connected to a steering 
angle converter 42. The steering angle converter 42 
has input terminals connected to the lateral acceler- 
ation sensor 19 and the vehicle speed sensor 50. The 
steering angle converter 42 has a data table which 35 
stores steering angles in relation to lateral accelera- 
tions using vehicle speeds as parameters when the 
road wheels 11FL, 11FR, 11RL, 11RR have normal 
pneumatic tire pressures. Based on the lateral accel- 
eration detected by the lateral acceleration sensor 19 40 
and the vehicle speed detected by the vehicle speed 
sensor 50, the steering angle converter 42 searches 
the data table for an adequate steering angle, i.e. a 
steering angle when the pneumatic tire pressures of 
theroadwheels 11FL, 11FR, 11RL, 11 RR are normal, 45 
and applies an output signal representative of the 
adequate steering angle to the third averaging circuit 
39. In response to the determination permission sig- 
nal from the inhibit condition setting circuit 37, the 
third averaging circuit 39 calculates an average value so 
of adequate steering angles during a predetermined 
period of time, and outputs a signal indicative of the 
average adequate steering signal to the third and 
fourth subtracters 35, 36. 

The first comparator 40 has two input terminals 55 
connected respectively to the third subtracter 35 and 
a reference value output circuit 43, and an output ter- 
minal connected to the alarm unit 23. The reference 



value output circuit 43 outputs a signal indicative of a 
certain range,having a predetermined width with a 
central value of 0, to the first comparator 40. When 
the output signal from the third subtracter 35 does not 
fall within, or exceeds, the range of the output signal 
from the reference value output circuit 43, the first 
comparator 40 outputs a drive signal depending on 
the direction in which the output signal from the third 
subtracter 35 exceeds the range from the reference 
value output circuit 43, to the alarm unit 23. More spe- 
cifically, as described above, the output signal from 
the third subtracter 35 is positive or negative depend- 
ing on which one of the rotational speeds of the front 
left and right road wheels 11 FL, 11 FR is higher than 
the other. Therefore, if the output signal from the third 
subtracter 35 exceeds the range of the output signal 
from the reference value output circuit 43 in a positive 
direction, then it can be determined that the pneu- 
matic tire pressure of the front left road wheel 11 FL 
has dropped, and if the output signal from the third 
subtracter 35 exceeds the range of the output signal 
from the reference value output circuit 43 in a nega- 
tive direction, then it can be determined that the 
pneumatic tire pressure of the front right road wheel 
11FR has dropped. The first comparator 40 now out- 
puts a drive signal indicating that the pneumatic tire 
pressure of eitherthefrontleftroad wheel HFLorthe 
front right road wheel 11FR has dropped. Similarly, 
the second comparator 41 has two input terminals 
connected respectively to the fourth subtracter 36 
and a reference value output circuit 44, and an output 
terminal connected to the alarm unit 23. When the 
output signal from the fourth subtracter 36 exceeds 
the range of the output signal from the reference val- 
ue output circuit 44, the second comparator 41 out- 
puts a drive signal depending on the direction in which 
the output signal from the fourth subtracter 36 ex- 
ceeds the range from the reference value output cir- 
cuit 44, to the alarm unit 23. 

The first and second adders 27, 28 have respec- 
tive output terminals connected to respective input 
terminals of a fifth subtracter 45 whose output termi- 
nal is connected to an input terminal of a sixth sub- 
tractor 46. The fifth subtracter 4 5 subtracts an output 
signal of the second adder 28 from an output signal 
of the first adder 27 to calculate the difference be- 
tween the rotational speeds of the front and rear road 
wheels, i.e. an amount of slippage (actual amount of 
slippage) of the front and rear road wheels per unit 
time, and outputs a signal representative of the actual 
amount of slippage to the sixth subtracter 46. The 
sixth subtracter 46 has two input terminals one con- 
nected to the fifth subtracter 45 and one to a slippage 
amount estimating circuit 47. The output terminal of 
the sixth subtracter 46 is connected to a third compar- 
ator 48. The sixth subtracter 46 is supplied with a sig- 
nal indicative of an estimated amount of slippage from 
the slippage amount estimating circuit 47, and com- 
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pares the output signal from the fifth subtracter 45 
with the signal from the slippage amount estimating 
circuit47, i.e. compares the actual amount of slippage 
with the estimated amount of slippage. The sixth sub- 
tractor 46 then outputs a signal indicative of the dif- 
ference between the actual and estimated amounts of 
slippage, i.e. a slippage difference, to the third com- 
parator 48. 

The slippage amount estimating circuit 47 has 
two input terminals connected to the output terminal 
of the torque estimating circuit 38 and the vehicle 
speed sensor 50. The torque estimating circuit 38 has 
input terminals connected to the accelerator sensor 
22 and the transmission sensor 26. The torque esti- 
mating circuit 38 has a first data table which stores en- 
gine output torques in relation to depressed strokes of 
the accelerator pedal and also has a second data ta- 
ble which stores drive forces for the rear road wheels 
1 1 RU 1 1 RR in relation to engine output torques using 
transmission gear ratios as parameters. In response 
to a detected depressed stroke of the accelerator 
pedal, used as an address, the torque estimating cir- 
cuit 38 searches the first data table for an engine out- 
put torque. Then, the torque estimating circuit 38 
searches the second data table for a drive force for 
Ihe rear road wheels 11 RL, 11RR based on the en- 
gine output torque determined from the first data ta- 
ble. The torque estimating circuit 38 now outputs a 
signal indicative of the drive force to the slippage 
amount estimating circuit 47. Based on the drive force 
signal from the torque estimating circuit 38 and the 
vehide speed signal V from the vehicle speed sensor 
50. the slippage amount estimating circuit 47 calcu- 
lates an estimated amount of slippage of the rear road 
wheels, or determines it from a data table. The slip- 
page amount estimating circuit 47 then applies a sig- 
nal indicating the estimated amount of slippage to the 
sixth subtracter 46. 

The third comparator 48 has two input terminals 
one connected to the sixth subtracter 46 and one to 
a reference value output circuit 49. The third compar- 
ator 48 has its output terminal connected to the alarm 
unit 23. The reference value output circuit 49 outputs 
a reference value signal indicative of a certain range 
for determining which one of the front arid rear road 
wheels is suffering a pneumatic tire pressure drop. 
The third comparator 48 compares the output signal 
from the sixth subtracter 46 with the reference value 
signal from the reference value output circuit 49. 
When the output signal from the sixth subtracter 46 
exceeds the signal range of the reference value out- 
put circuit 49, the third comparator 48 outputs a drive 
signal depending on whether the output signal from 
the sixth subtracter 46 exceeds the signal range of 
the reference value output circuit 49 in a positive or 
negative direction, More specifically, when the slip- 
page difference between the actual and estimated 
amounts of slippage exceeds the reference signal 
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range, the third comparator 48 applies a drive signal 
depending on whether the output signal from the 
sixth subtracter 46 exceeds the reference signal 
range in a positive or negative direction, to the alarm 

5 unit 23. 

The alarm unit 23 may comprise warning lamps 
or speakers corresponding to the respective pneu- 
matic tire pressures of ail the road wheels, In re- 
sponse to the drive signals from the first, second, and 

10 third comparators 40, 41, 48, the alarm unit 23 selec- 
tively energizes or turns on and off the warning lamps 
to warn the driver of the motor vehicle, Alternatively, 
the alarm unit 23 may selectively energize the buzz- 
ers to give audible warning sounds to the driver of the 

15 motor vehicle. 

In this embodiment, a steering angle is estimated 
from the difference between the rotational speeds of 
the front left and right road wheels 11FL, 11FR, and 
an adequate steering angle is determined from the 

20 lateral acceleration on the assumption that the pneu- 
matic tire pressures are normal. Insofar as the pneu- 
matic tire pressures are normal, the estimated steer- 
ing angle and the adequate steering angle agree to 
each other. If the pneumatic tire pressure of one of 

25 the front left and right road wheels 1 1 FL f 1 1 FR is low- 
ered, then the radius of curvature of an arc along 
which the road wheel with the lowered pneumatic tire 
pressure is reduced, and the difference between the 
rotational speeds of the road wheels varies, resulting 

30 in a change in the estimated steering angle. 

When the difference between the estimated 
steering angle of the front road wheels 11FL, 11FR 
and the adequate steering angle exceeds a predeter- 
mined value, the pneumatic tire pressure of one of the 

35 front left and right road wheels 11FL, 11FR is judged 
as being lowered. Therefore, even in the event of a re- 
duction in the pneumatic tire pressure of the rear road 
wheels 1 1 RL, 11 RR, the system can accurately deter- 
mine a reduction in pneumatic tire pressure of the 

40 front left and right road wheels 11FL, 11FR with high 
reliability. Since the adequate steering angle is calcu- 
lated from the output signal from the lateral acceler- 
ation sensor 19, rather than the steering angle sen- 
sor, the steering angle sensor is not required to be 

45 highly accurate, and hence may be of a low cost. 

Likewise, an estimated steering angle is calculat- 
ed from the difference between the rotational speeds 
of the rear left and right road wheels 1 1 RL, 11 RR, and 
an adequate steering angle is determined from the 

so lateral acceleration on the assumption that the pneu- 
matic tire pressures are normal. When the difference 
between the estimated steering angle of the rear road 
wheels 11RL, 11 RR and the adequate steering angle 
exceeds a predetermined value, the pneumatic tire 

55 pressure of one of the rear left and right road wheels 
11RL, 11RR is judged as being lowered. Therefore, 
the system can accurately determine a reduction in 
pneumatic tire pressure of the rear left and right road 

6 '" ,' ,.' / 
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wheels 11 RL, 11 RR with high reliability without being 
adversely affected by the pneumatic tire pressures of 
the front road wheels 11FL, 11 FR. 

The system according to the present invention 
also calculates the average value of the rotational 5 
speeds of the front road wheels 11FL, 11FR and the 
average value of the rotational speeds of the rear 
road wheels 11RL, 11RR, and determines an actual 
amount or ratio of slippage from the average value of 
the rotational speeds of the front road wheels 11FL, 10 
11FR and the average value of the rotational speeds 
of the rear road wheels 11RL, 11RR. In addition, the 
system calculates an adequate (estimated) amount or 
ratio of slippage on the assumption that the pneumat- 
ic tire pressures are normal by estimating drive forces 15 
for the rear road wheels from the depressed stroke of 
the accelerator pedal and the gear ratio of the trans- 
mission. When the difference between the actual ra- 
tio of slippage and the adequate ratio of slippage ex- 
ceeds a predetermined value, the system determines 20 
that the pneumatic tire pressures of the front or rear 
road wheels are reduced. Therefore, even in the 
event that the pneumatic tire pressures of the front 
and rear road wheels on the left or right side are low- 
ered, the system can reliably determine that the _ 25 
pneumatic tire pressure of one of the front and rear 
road wheels is reduced. Inasmuch as the engine out- 
put torque is determined by processing the output sig- 
nal from the accelerator sensor instead of a torque 
sensor, an expensive torque sensor is not required, 30 
making the cost of the system relatively low. 

Based on the results of the above determination 
processes, the system actuates the alarm unit 23 to 
selectively energize or turn on and off the warning 
lamps, speakers, or buzzers corresponding to the 35 
road wheels which have suffered a pneumatic tire 
pressure reduction, thereby warning the driver of the 
motor vehicle. Therefore, the driver can recognize not 
only a pneumatic tire pressure drop, but also a tire 
which is suffering a pneumatic pressure reduction, so 40 
that the driver can quickly take a subsequent action 
to increase the pneumatic tire pressure or replace the 
tire. 

The system according to the present invention 
does not determine whether a pneumatic tire pres- 45 
sure has dropped or not when at least one of the fol- 
lowing conditions a, b, c, d, e, f, g is satisfied, i.e. the 
motor vehicle operates under a non-stable condition: 
a: the motor vehide is not running; 
b: the motor vehicle is braked; 50 
c: the motor vehicle is running on rough terrain; 
d: the lateral acceleration of the motor vehicle is 
not within a predetermined range; 
e: the steering angle is not in a predetermined 
range; 55 
f: the longitudinal acceleration of the motor vehi- 
de is not within a predetermined range; and 
g: the engine output torque is not within a prede- 



termined range. 

By not carrying out a tire pressure determination 
during any of the above conditions a, b, c, d, e, f, g, 
the system can determine a pnematic tire pressure 
highly accurately and reliably. 

The system according to the present invention 
may be arranged to determine a pneumatic tire pres- 
sure only when the lateral acceleration of the motor 
vehide falls within a predetermined range, the long- 
itudinal acceleration of the motor vehide falls within 
a predetermined range, the steering angle falls within 
a predetermined range, and the engine output torque 
falls within a predetermined range. The system thus 
arranged can determine a pneumatic tire pressure 
highly reliably only when the motor vehicle is running 
highly stably. 

In the illustrated embodiment, the system em- 
ploys an intermediate quantity (physical quantity) 
such as a steering angle, a rate of slippage, orthe like 
during a process of determining a pneumatic tire pres- 
sure. However, such an intermediate quantity is given 
only by way of illustrative example. Instead, a yaw 
rate, a wheel speed difference or a lateral accelera- 
tion may be used for comparison, or a quantity differ- 
ent from the steering angle or the like may be em- 
ployed. Particularly, if a yaw rate is to be employed 
instead of a lateral acceleration, then a yaw rate sen- 
sor may be used in place of the lateral acceleration 
sensor, and a steering angle may be calculated from 
an output signal from the yaw rate sensor for compar- 
ison with a steering angle determined from a wheel 
speed difference, or a yaw rate may be calculated 
from a wheel speed difference for comparison with a 
yaw rate detected by the yaw rate sensor. When the 
difference between the compared steering angles or 
yaw rates exceeds a predetermined value, the sys- 
tem may determine that the pneumatic tire pressure 
has dropped. 

The system according to the present invention 
has been illustrated as being incorporated in a rear- 
wheel-drive motor vehicle. However, the principles of 
the present invention are also applicable to a front- 
wheel-drive motor vehide. 

Although there has been described what is at 
present considered to be the preferred embodiment 
of the invention, it will be understood that the inven- 
tion may be embodied in other specific forms without 
departing from the essential characteristics thereof. 
The present embodiment is therefore to be consid- 
ered in all respects as illustrative, and not restrictive. 
The scope of the invention is indicated by the append- 
ed claims rather than by the foregoing description. 



Claims 

1. A system for determining a reduction in the pneu- 
matic tire pressure of road wheels on a motor ve- 
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hide, comprising: 

first means for detecting an actual rota- 
tional speed difference between rotational 
speeds of front left and right road wheels of the 
motor vehicle; 5 

second means for detecting an operating 
condition of the motor vehicle; 

third means for calculating an adequate 
rotational speed difference between rotational 
speeds of the front left and right road wheels 10 
based on an output signal from said second 
means; and 

fourth means for comparing said adequate 
rotational speed difference calculated by said 
third means and said actual rotational speed dif- is 
ference detected by said first means, and deter- 
mining a pneumatic tire pressure reduction when 
the difference between the compared actual and 
adequate rotational speed differences exceeds a 
predetermined value. 20 

A system for determining a reduction in the pneu- 
matic tire pressure of road wheels on a motor ve- 
hicle, comprising: 

first means for detecting an actual rota- 
tional speed difference between rotational 
speeds of rear left and right road wheels of the 
motor vehicle; 

second means for detecting an operating 
condition of the motor vehicle; 30 

third means for calculating an adequate 
rotational speed difference between rotational 
speeds of the front left and right road wheels 
based on an output signal from said second 
means; and 35 

comparing means for comparing said ade- 
quate rotational speed difference calculated by 
said third means and said actual rotational speed 
difference detected by said first means, and de- 
termining a pneumatic tire pressure reduction 40 
when the difference between the compared ac- 
tual and adequate rotational speed differences 
exceeds a predetermined value. 

A system according to claim 1 or 2, wherein said 45 
second means comprises means for detecting a 
lateral acceleration of the motor vehicle and 
means for detecting a speed of the motor vehicle. 

A system according to any preceding claim, fur- so 
t her comprising: 

means for determining an actual ratio of 
slippage between the drive and driven wheels of 
the vehicle; 

means for determining a reference ratio of 55 
slippage, based on the operating condition of the 
vehicle, which would be expected if the tire pres- 
sures of the wheels were correct; 



means for comparing the actual ratio of 
slippage with the reference ratio of slippage; and 

means for determining a reduction in tire 
pressure when the difference between the actual 
and reference ratios exceeds a predetermined 
value. 

5. A system for determining a reduction in the pneu- 
matic tire pressure of road wheels on a motor ve- 
hicle, comprising: 

first means for detecting rotational speeds 
of drive and driven road wheels of the motor ve- 
hicle and calculating an actual ratio of slippage 
between the drive and driven road wheels based 
on the detected rotational speeds; 

second means for calculating an adequate 
ratio of slippage of the drive road wheels if the 
pneumatic tire pressure of the drive and driven 
road wheels is determined asfiormal from an op- 
erating condition of an engine of the motor vehi- 
cle; and 

comparing means for comparing said ac- 
tual ratio of slippage calculated by said first 
means and said adequate ratio of slippage calcu- 
lated by said second means, and determining a 
pneumatic tire pressure reduction when the dif- 
ference between the compared actual and ade- 
quate ratios of slippage exceeds a predetermined 
value. 

6. A system according to any preceding claim, fur- 
ther comprising means for disabling said compar- 
ing means if at least one of the following condi- 
tions a, b, c, d, e, f, g is satisfied: 

a: the motor vehicle is not running; 
b: the motor vehicle is braked; 
c: the motor vehicle is running on rough ter- 
rain; 

d: a lateral acceleration of the motor vehicle is 
not within a predetermined range; 
e: a steering angle of the motor vehicle is not 
in a predetermined range; 
f: a longitudinal acceleration of the motor ve- 
hicle is not within a predetermined range; and 
g: an engine output torque of the motor vehi- 
cle is not within a predetermined range. 

7. A system according to any preceding claim, fur- 
ther comprising means for enabling said compar- 
ing means if a lateral acceleration of the motor ve- 
hicle falls within a predetermined range, a longi- 
tudinal acceleration of the motor vehicle falls 
within a predetermined range, a steering angle of 
the motor vehicle falls within a predetermined 
range, and an engine output torque of the motor 
vehicle falls within a predetermined range. 

8. A method of determining tire pressure reduction 
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of vehicle wheels, wherein a first value corre- 
sponding to a difference in the actual rotational 
speeds of a pair of axially opposed wheels is com- 
pared with a reference value corresponding to a 
wheel rotational speed difference which would be 5 
expected between wheels of substantially correct 
tire pressure, and wherein a reduction in tire pres- 
sure is determined when the first value differs 
from the second value by more than a predeter- 
mined amount 10 

9. A method according to claim 8, wherein said ref- 
erence value is a steering angle derived from a 
lateral acceleration of the vehicle and a speed of 

the vehicle. 15 

10. A method according to claim 8 or 9, wherein 
which of the wheels is at a low pressure is deter- 
mined by whether or not the first value is greater 

or less than the reference value. 20 

11. A method according to claim 8, 9 or 10, wherein 
an actual slippage between the drive and driven 
wheels of the vehicle is compared with a refer- 
ence slippage, based on the operating conditions 25 
of the vehicle, which would be expected if the tire 
pressures of the wheels were correct, and where- 
in tire pressure reduction is determined when the 
difference between the actual and reference ra- 
tios exceeds a predetermined value. 30 



35 



40 



45 



50 



55 



iNSDOCID: <EP 0554131 A1 I > 



1 



EP 0 554 131 A1 




10 



3DOCID: <EP 05541 31 A1 I _> 



EP 0 554 131 A1 











O 


-J 

LU 


CO 

z 


LU 


UJ 


X 


to 







7 

of 

CO 



7" 



CC 
LL 
CO 



7" 

-J 
DC 

CO 



O 



7" 



CM 
CSJ 



cc 

CD 





CO 
CvJ 


z 


g 


v. 


o 


CELERAT 
SENSOR 




tr>az 
coo 








<<" 


3 







11 



EP 0 554 131 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application N timber 

EP 93 30 0722 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (Int. OS ) 



Y 
A 



A 

P.A 
A 



EP-A-0 466 535 (RENAULT) 

* claims 1,2,7,8 * 

* column 9, paragraph 2 * 

DE-A-3 236 520 (BOSCH) 

* claims 1,2 * 

FR-A-2 271 063 (MAYER) 

* claims 1,7 * 

EP-A-0 497 120 (TELEFUNKEN) 

* column 2, line 44 - column 3, line 43 * 

PATENT ABSTRACTS OF JAPAN 
vol. 3, no. 54 (E-109)10 May 1979 
& JP-A-54 033 772 ( NIPPON DENSO ) 3 
December 1979 

* abstract * 

PATENT ABSTRACTS OF JAPAN 

vol. 14, no. 319 (M-996)(4262) 9 July 1990 

& JP-A-02 106 415 ( MATSUSHITA ) 18 April 

1990 

* abstract * 



1-3 
6 

4,5 



1,4 
1 



The present search report has been drawn up for all claims 



B60C23/00 



TECHNICAL FIELDS 
SEARCHED (Int. a. 5 ) 



B60C 



Place of search 

THE HAGUE 



Date of cD8*>letk» of Ike search 

22 APRIL 1993 



HAGEMAN M. 



O 
a. 
to 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 

Y : particularly relevant If combined with another 

document of the same category 
A : technological background 
O : non-written disclosure 
P : intermediate docuroenl 



T : theory or principle underlying the invention 
E : earlier patent document, but published on, or 

after the filing date 
D : document cited in the application 
L : document cited for other reasons 

& : member of the same patent family, corresponding 



12 



SDOCID: <EP. 



05541 31 A1J_> 



